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applied to PCI (Peripheral Component Interconnect) devices 
connected to a Southbridge. Requests are received from at 
least one requestor. The request require responses to be sent 
back to the respective requestor. The requests are placed by 
the respective requestor by asserting a request Signal, and the 
request Signal is deasserted by the respective requestor when 
a response is Sent back. A retry request may be sent to the 
current requestor for requesting the current requestor to 
deassert its request Signal although a response has not yet 
been Sent back, and to reassert the request Signal later. 
Together with the retry request, a ready Signal is sent 
indicating whether the request could be processed. This 
allows the requestor to modify its request when retrying it, 
if the request was not yet processed. 
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RETRY MECHANISM FOR BLOCKING 
INTERFACES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention generally relates to integrated circuit chips 

and corresponding methods and devices, and in particular to 
interfaces that can be used to place requests that require 
responses. 

2. Description of the Related Art 
Integrated circuit chips are often used for data processing 

and are known to comprise a number of different circuit 
units. Generally, each circuit unit is for performing a specific 
function and of course, there may be different circuit units 
provided on one chip for performing the same function, or 
performing different functions. The circuit units may operate 
Sequentially in time or simultaneously, and they may func 
tion independently from each other, or dependent on the 
operation of other circuit units. 

In the latter case, the circuit units are usually intercon 
nected via an interface to allow the circuit units to inter 
change data needed for making the operation of one circuit 
unit dependent on the operation of the other circuit unit. The 
data exchange is often done by Sending transactions from 
one circuit unit to the other circuit unit. A transaction is a 
Sequence of packets that are exchanged between the circuit 
units and that result in a transfer of information. The circuit 
unit initiating a transaction is called the Source (or master), 
and the circuit unit that ultimately Services the transaction on 
behalf of the source is called target. It is to be noted that 
there may also be intermediary units between the source and 
the target. 

Transactions may be used to place a request, or to respond 
to a received request. Taking the requests, there may be 
distinguished posted request from non-posted requests, 
dependent on whether the request requires a response. 
Specifically, a non-posted request is a request that requires 
a response while a posted request does not require a 
response. 
When focusing on the functions which are performed by 

the interconnected circuit units, the circuit units can often be 
divided into hosts and devices. The term host then means a 
circuit unit that provides Services to the dependent device. A 
transaction from the host to the device is said to be down 
Stream while a transaction in the other direction is said to be 
upstream. In bi-directional configurations, both the host and 
the device may send and receive requests and responses. So 
that a device may be Source as well as target, and also the 
host may function as Source as well as device. 
A field where Such integrated circuit chips are widely used 

are personal computers. Referring to FIG. 1, the hardware 
components of a common motherboard layout are depicted. 
It is to be noted that this figures shows only one example of 
a motherboard layout, and other configurations exist as well. 
The basic elements found on the motherboard of FIG.1 may 
include the CPU (Central Processing Unit) 100, a north 
bridge 105, a southbridge 110, and system memory 115. 

The northbridge 105 is usually a single chip in a core 
logic chipset that connects the processor 100 to the System 
memory 115 and, e.g., to the AGP (Accelerated Graphic 
Port) and PCI (Peripheral Component Interface) buses. The 
PCI bus is commonly used in personal computers for 
providing a data path between the processor 100 and periph 
eral devices like Video cards, Sound cards, network interface 
cards and modems. The AGP bus is a high-Speed graphic 
expansion bus that directly connects the display adapter and 
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2 
system memory 115. AGP operates independently of the PCI 
bus. It is to be noted that other motherboard layouts exist that 
have no northbridge in it, or that have a northbridge without 
AGP or PCI options. 
The southbridge 110 is usually the chip in a system 

core-logic chipset that controls the IDE (Integrated Drive 
Electronics) or EIDE (Enhanced IDE) bus, controls a USB 
(Universal Serial Bus) bus that provides plug-and-play Sup 
port, controls a PCI-ISA (Industry Standard Architecture) 
bridge, manages the keyboard/mouse controller, provides 
power management features, and controls other peripherals. 

Thus, common personal computers include Southbridges 
110 which are southbridge 110 and the northbridge 105 are 
interconnected by the PCI bus acting as system bus so that 
the northbridge 105 works as host-to-PCI bridge forming a 
link between the hostbus that connects to the processor 100, 
and the PCI bus whereas the Southbridge 110 works as, e.g., 
PCI-to-ISA bus where the ISA (Industry Standard Architec 
ture) bus is the I/O bus. However, other chipset arrange 
ments exist in which the northbridge 105 operates as 
memory controller hub and the southbridge 110 as I/O 
controller hub. In such structures, the northbridge 105 and 
the Southbridge 110 are no longer interconnected by a 
System bus but by a Specific hub interface. 
To Satisfy the demands for high-Speed chip-to-chip com 

munication in Such hub interfaces, the HyperTransportTM 
technology was developed which provides a high-Speed, 
high-performance point-to-point on-board link for intercon 
necting integrated circuits on a motherboard. It can be 
significantly faster than a PCI bus for an equivalent number 
of pins. The HyperTransport technology is designed to 
provide significantly more bandwidth than current technolo 
gies, to use low-latency responses, to provide low pin count, 
to be compatible with legacy computer buses, to be exten 
Sible to new System network architecture buses, to be 
transparent to operating Systems, and to offer little impact on 
peripheral drivers. 

In particular in Systems where a high-speed communica 
tion is made possible by interfaces Such as those according 
to the HyperTransport technology, a problem may arise 
when driving low-Speed devices. For instance, it may be the 
task of a HyperTransport-to-PCI bridge to interconnect a 
PCI compliant interface and a HyperTransport compliant 
interface. The PCI compliant interface is a low-speed inter 
face that may be blocked by individual PCI devices. When 
ever a PCI device places a request, it may assert a request 
Signal on a specific Signal line. The HyperTransport-to-PCI 
bridge will then Send a respective request upstream. If the 
request requires a response, the response data will arrive at 
the bridge and will be sent to the PCI device. The PCI device 
then deasserts the request Signal when it receives the 
response. 

In Such Systems, there can be no other request placed in 
PCI interface unless the response is delivered to the request 
ing PCI device. That is, the PCI device blocks the PCI 
interface So that no data transfer takes place in the time 
between placing the request and Sending back the response. 
Moreover, even the high-speed upstream interface is 
blocked with respect to any data traffic relating to PCI 
devices since there can be no PCI related data traffic in the 
HyperTransport link before receiving the response. This is 
disadvantageous Since the high-Speed capabilities of the 
upstream interface cannot be used efficiently. 
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SUMMARY OF THE INVENTION 

An improved integrated circuit chip and corresponding 
device and method are provided that may increase the 
operating Speed and improve efficiency in particular where 
interface technologies are used that may block the data 
traffic. 

In one embodiment, an integrated circuit chip is provided 
that comprises an interface circuit that is connected to a first 
Signal line for receiving requests from at least one requestor. 
The requests require responses to be sent back to the 
respective requestor. The requests are placed by the respec 
tive requestor by asserting a request signal on the first signal 
line. The request Signal is deasserted by the respective 
requestor when a response is sent back to the respective 
requestor. The integrated circuit chip further comprises a 
request processing circuit that is connected to process the 
received requests. The interface circuit is further connected 
to a Second Signal line to Send a retry request to the current 
requestor for requesting the current requestor to deassert its 
request Signal although a response has not yet been sent 
back, and to reassert the request Signal later. The interface 
circuit is further connected to a third signal line to Send to 
the current requestor a ready Signal together with the retry 
request. The ready Signal indicates whether the request 
received from the current requestor could be processed by 
Said request processing circuit. 

In another embodiment, there may be provided a Hyper 
Transport-to-PCI bridge that comprises a PCI target inter 
face unit and a HyperTransport Source receiving requests 
from at least one PCI Source unit. The requests require 
responses to be sent back to the respective PCI source unit. 
The requests are placed by the respective PCI source unit by 
asserting a request Signal on the first signal line. The request 
Signal is deasserted by the respective PCI Source unit when 
a response is Sent back to the respective PCI Source unit. The 
HyperTransport Source interface unit is connected to Send 
Signals corresponding to the received requests to a Hyper 
Transport compliant target device. The PCI target interface 
unit is further connected to a Second Signal line to Send a 
retry request to the current PCI Source unit for requesting the 
current PCI Source unit to deassert its request Signal 
although a response has not yet been Sent back, and to 
reassert the request Signal later. The PCI target interface unit 
is further connected to a third signal line to Send to the 
current PCI Source unit a ready signal together with the retry 
request. The ready Signal indicates whether the request 
received from the current PCI source unit could be pro 
cessed by the HyperTransport Source interface unit. 

In yet another embodiment, a Southbridge device for 
bridging a low-Speed data channel to a high-Speed data 
channel in a computer System is provided. The Southbridge 
device comprises a low-Speed interface unit that is con 
nected to a first signal line for receiving requests from at 
least one requestor. The requests require responses to be sent 
back to the respective requester. The requests are placed by 
the respective requestor by asserting a request Signal on the 
first Signal line. The request Signal is deasserted by the 
respective requestor when a response is Sent back to the 
respective requester. The Southbridge device further com 
prises a high-speed interface unit that is connected to Send 
Signals corresponding to the received requests to an 
upstream target device. The low-speed interface unit is 
further connected to a Second Signal line to Send a retry 
request to the current requester for requesting the current 
requester to deassert its request Signal although a response 
has not yet been Sent back, and to reassert the request Signal 
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4 
later. The low-Speed interface unit is further connected to a 
third Signal line to Send to the current requestor a ready 
Signal together with the retry request. The ready Signal 
indicates whether the request received from the current 
requestor could be processed by the high-speed interface 
unit. 

In a further embodiment, there may be provided a PCI 
device that comprises a master interface unit connected to a 
first Signal line for Sending a request to a PCI target device. 
The request requires a response. The master interface unit is 
adapted to place the request by asserting a request Signal on 
the first Signal line and deasserting the request signal when 
the response is received. The master interface unit is further 
connected to a Second Signal line to receive a retry request 
from the PCI target device. The master interface unit is 
further connected to a third signal line to receive a ready 
signal from the PCI target device together with the retry 
request. The ready Signal indicates whether the request Sent 
to the PCI target device could be processed by the PCI target 
device. The master interface unit is capable of deasserting 
the request Signal upon receipt of the retry request although 
a response has not yet been received, and reasserting the 
request Signal later. The master interface unit is capable of 
Sending a modified request when reasserting the request 
Signal, if the ready Signal indicated that the request Sent to 
the PCI target device could not be processed by the PCI 
target device. 

According to Still a further embodiment, a method of 
operating an integrated circuit chip is provided. The method 
compriseS receiving requests from at least one requester. The 
requests require responses to be sent back to the respective 
requestor. The requests are placed by the respective 
requestor by asserting a request Signal. The request Signal is 
deasserted by the respective requestor when a response is 
Sent back to the respective requestor. The method further 
comprises processing the received requests, and Sending a 
retry request to the current requestor for requesting the 
current requester to deassert its request Signal although a 
response has not yet been Sent back, and to reassert the 
request Signal later. The method further comprises Sending a 
ready signal to the current requestor together with the retry 
request. The ready Signal indicates whether the request 
received from the current requestor could already be pro 
cessed. 

In still a further embodiment, there may be provided a 
method of operating a PCI device. The method comprises 
Sending a request to a PCI target device by asserting a 
request Signal. The request requires a response. The method 
further comprises receiving a retry request from the PCI 
target device, and determining whether to deassert the 
request Signal although a response has not yet been received. 
If So, the request Signal is deasserted and reasserted later. 
The method further comprises deasserting the request Signal 
when the response is received. In the method, reasserting the 
request Signal comprises determining whether to Send a 
modified request if the ready Signal indicated that the request 
sent to the PCI target device could not be processed by the 
PCI target device. 
According to Still another embodiment, a computer Sys 

tem comprises a PCI device and a Southbridge that is 
connected to the PCI device. The PCI device is capable of 
Sending a request to the Southbridge by asserting a request 
Signal. The Southbridge is capable of Sending a response 
back to the PCI device. The PCI device is arranged to 
deassert the request Signal when receiving the response. The 
Southbridge is further arranged to Send a retry request to the 
PCI device for requesting the PCI device to deassert its 
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request Signal although a response has not yet been sent 
back, and to reassert the request Signal later. The Southbridge 
is further arranged to Send a ready Signal to the PCI device 
together with the retry request. The ready Signal indicates 
whether the request received from the current requestor 
could be processed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings are incorporated into and 
form a part of the Specification for the purpose of explaining 
the principles of the invention. The drawings are not to be 
construed as limiting the invention to only the illustrated and 
described examples of how the invention can be made and 
used. Further features and adavantages will become appar 
ent from the following and more particular description of the 
invention, as illustrated in the accompanying drawings, 
wherein: 

FIG. 1 is a block diagram Schematically illustrating the 
hardware components of a common motherboard layout; 

FIG. 2 is a block diagram illustrating components of a 
computer System according to an embodiment; 

FIG. 3 illustrates the low-Speed interface according to an 
embodiment; 

FIG. 4 is a timing chart illustrating write and read 
transactions in the interface of FIG. 3; 

FIG. 5 is a flowchart illustrating the main process of 
operating the interface shown in FIG. 3, according to an 
embodiment; 

FIG. 6 is a timing chart of a bus master read proceSS 
according to an embodiment where the retry request is 
ignored; 

FIG. 7 is a timing chart illustrating a bus master read 
process according to an embodiment, where the retry request 
is not ignored and a HyperTransport cycle is launched; 

FIG. 8 is a timing chart illustrating a bus master read 
process according to an embodiment, where the retry request 
is not ignored and a HyperTransport cycle is not launched; 
and 

FIG. 9 is a flowchart illustrating the bridge operation 
process according to an embodiment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The illustrative embodiments of the present invention will 
be described with reference to the figure drawings wherein 
like elements and Structures are indicated by like reference 
numbers. 

Referring now to the drawings and in particular to FIG.2, 
the hardware components of a computer System according to 
an embodiment are depicted. AS can be seen from FIG. 2, a 
HyperTransport-to-PCI bridge 200 is provided that is con 
nected via a HyperTransport compliant interface to a host 
bridge 210 which is located upstream. Further, the bridge 
200 is connected to a PCI device 220 via a PCI compliant 
interface. 

While the present embodiment and the following discus 
Sion is based on the configuration shown in FIG. 2, it is to 
be noted that other embodiments are possible where other 
low-speed and high-Speed interface technologies may be 
used. Moreover, it is to be noted that the embodiments are 
not restricted to bridges between low-Speed and high-speed 
channels. Rather, the bridge 200 may be any data processing 
device that generates responses to incoming requests, and 
Sends the generated responses back to the requestor. 
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6 
Moreover, it is to be noted that the system of FIG. 2 is 

depicted in a rather simplified manner Since other compo 
nents may exist in the System that have not been shown 
explicitly. For instance, the HyperTransport-to-PCI bridge 
200 may be incorporated into a southbridge device. Further, 
there may be more than just one PCI device 220 connected 
to the bridge 200. Moreover, there may be multiple bus 
master engines in Some or each of the PCI devices, and each 
bus master engine may separately and independently act on 
the interface, for instance to place requests. 

Referring now to FIG. 3, the interface components in the 
bridge 200, and the PCI device 220 are shown in more detail 
according to an embodiment. AS can be seen from the figure, 
each of the interfacing entities comprises a PCI master 
interface 310,340 and a PCI target interface 300,350. The 
PCI device 220 uses its master interface unit 340 for placing 
upstream requests to the target interface unit 300 of the 
bridge 200. If the request is followed by a response from the 
bridge 200, the target interface unit 300 of the bridge 200 
may be used to Send the response back to the master 
interface unit 340 of the PCI device 220. On the other hand, 
the PCI master interface unit 310 of the bridge 200 can be 
used to place downstream requests to the target interface unit 
350 of the PCI device 220, and responses may be sent back 
to the bridge 200 in Substantially the same manner as 
discussed above, in the other direction. 
As apparent from the figure, the HyperTransport-to-PCI 

bridge 200 further comprises HyperTransport master and 
target interfaces 320, 330 for handling the data traffic over 
the HyperTransport link in case of upstream requests and 
downstream requests, respectively. That is, if an upstream 
request is placed by the PCI device 220, the request is 
received in the PCI target interface 300 and processed in the 
HyperTransport master interface 320 of bridge 200 to send 
the request upstream. The HyperTransport master interface 
320 may further be responsible for receiving responses 
pertaining to upstream requests. 

Discussing now in more detail the PCI interface according 
to the embodiment shown in FIG. 3, each of the paired 
master and target interface units are connected by means of 
a number of Signal lines. A request may in each direction be 
placed by asserting a request Signal on the Specific Signal 
line. The recipient of the respective request Signal may send 
back a ready Signal. Further, there may be a signal line for 
communicating command and byte enable information. 

In the embodiments, when the PCI target interface 300 
receives a request from the PCI device 220, it signals, 
together with the retry request, to the PCI device 220 by 
means of the ready Signal whether the HyperTransport 
master interface 320 could process the request. The ready 
Signal is set to a high level if the request could be processed, 
otherwise the ready Signal level is low. If the ready Signal 
was low, i.e. the request could not be immediately processed, 
the PCI device 220 is allowed to modify its request when 
retrying it. The PCI target interface 300 is adapted to accept 
modified requests in Such circumstances. Modified requests 
may be requests for another amount of data. For instance, 
when retrying the request the PCI device 220 can request 
more data than it did initially. This will improve the overall 
performance Since it allows for combining two or more 
requests and thus, reduces the traffic Volume on the bus. 

Requests may be write requests and read requests. In both 
cases, the requestor may need to communicate addresses and 
data to the other device, and it may do So using the address 
data Signal line. If the request is followed by a response, the 
data Signal line may be used. 
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Examples of how write and read transactions may be 
transferred using the interface of FIG.3, are illustrated in the 
timing chart of FIG. 4. First, there is a write transaction 
transferred in cycle 400. As can be seen from the FIGURE, 
the address line is used to Send an address for locating the 
memory place to be written to, followed by the data to be 
written. 

In cycle 410, a read transaction is performed. The 
requester communicates the address to be read from, using 
the address line. The response to this memory read request 
is formed by the data sent back at the end of the cycle on the 
data Signal line. 

Finally, there is shown in cycle 420 of the timing chart of 
FIG. 4 how a write transaction with multiple data phases 
may be processed. The requestor uses the address line for 
addressing the respective memory location. Further, mul 
tiple data phases are Sent on the same signal line. AS can 
further be seen from the figure, an additional Signal line may 
be used to count the data phases. 

Turning now back to FIG. 3, the interface 300, 340 that 
may be used for placing upstream requests further comprises 
a retry signal line. This signal line may be used to allow the 
PCI target, i.e. the HyperTransport-to-PCI bridge 200 in the 
present embodiment, to assert a retry request bit during 
memory read requests. The bus master, i.e. the PCI master 
interface 340, is allowed to deassert the request Signal placed 
on the request Signal line, and to start a new bus master 
cycle. The master 340 is also allowed to ignore the retry 
request and keep its request Signal active on the request 
Signal line. AS will be apparent from the discussion below, 
this allows to overlap multiple read requests and increase the 
data throughput. 

In general, the retry request Signal may allow the next 
upstream target of the request, e.g. the bridge 200 in the 
present embodiment, to take that request, Send it upstream, 
and “retry” the requestor. The requestor may, or may not, 
Signal, the requestor may retry the same read request later. 

By unblocking the interface, other requesters are allowed 
to place a request and to get probably also retried. AS 
mentioned above, requesters may be other PCI devices or 
other bus masters within one and the same PCI device 220. 
As shown in FIG. 3, the PCI target interface 300 of the 

bridge 200 may comprise a request buffer 360 and a 
response buffer 370. The request buffer 360 may be used to 
Store requests that require responses that have not been sent 
back. That is, any request that is placed may be stored in the 
buffer 360 even though the PCI master interface 340 may 
accept a retry request from the target interface 300. If the 
PCI master interface 340 retries the same read request later 
and a response is available, the request is deleted from the 
buffer 360 at the time the response is sent back to the 
requestor. For storing responses, the response buffer 370 
may be used. 

It is to be noted that in other embodiments, the request 
buffer 360 and/or the response buffer 370 may be located 
within the HyperTransport master interface 320 of the bridge 
200. Further, the buffers may be located at other place within 
the bridge 200, and the buffers may even be external units. 

Turning now to FIG. 5 which is a flowchart illustrating an 
operation process according to an embodiment, the PCI 
device 220 may initially place an upstream request in Step 
500 by asserting the request line. The HyperTransport-to 
PCI bridge 200 receives the request and processes it in step 
510. AS mentioned above, processing the request may be 
done by Sending the request upstream to the host bridge 210. 

The HyperTransport-to-PCI bridge 200 may then assert 
the retry request line in step 520. In one embodiment, the 

15 

25 

35 

40 

45 

50 

55 

60 

65 

8 
bridge 200 may send the retry request whenever it receives 
a request that requires a response. In another embodiment, 
the bridge 200 may place the retry request in certain cases 
only. For instance, placing retry requests may be possible for 
given requestors only. Alternatively, placing retry requests 
may be possible for certain kinds of requests only, e.g. for 
memory read requests. In this case, Step 520 may comprise 
a Substep of determining whether the received request is one 
of those kinds. 
Once the retry request is sent to the requestor in Step 520, 

the requestor may determine in step 530 whether it will 
ignore or accept the retry request. If the requestor decides to 
ignore the retry request, the process continues with Sending 
the response from the bridge 200 to the requestor in step 570 
as Soon as it will be available, and deasserting the request 
signal on the request line by the PCI device 220 in step 580. 

If however the PCI device 220 decides in step 530to 
accept the retry request, it deasserts its request signal in Step 
540 to unblock the PCI interface. The interface may then be 
used in step 550 for other requests. The PCI device 220 may 
retry its request in Step 560 by reasserting the request signal. 

Example timing charts for illustrating the retry mecha 
nism of the interface discussed above are given in FIGS. 6 
to 8. Turning first to FIG. 6, a bus master read cycle is 
depicted where the retry request is ignored. The PCI device 
220 communicates to the bridge 200 the address 600 where 
data is to be read from. Further, the PCI device 220 com 
municates a command identifier 610 to the bridge 200 
informing the bridge 200 that the request is a memory read 
request. The bridge 200 then sends a retry request 620 back 
to the PCI device 220 but no action is performed by the PCI 
device 220 in reply thereto. Thus, the interface remains 
blocked until the read data 630, 640 is available and sent 
from bridge 200 to the PCI device 220. 
A similar timing chart is depicted in FIG. 7 where a 

memory read request 700 is placed by the PCI device 220. 
After the bridge 200 has sent a retry request 710, the PCI 
device 220 deasserts the request signal 720. The PCI device 
220 then reasserts the request signal 730 for once again 
sending the same read request 740. It is to be noted that the 
PCI device 220 uses the same count value for retrying the 
request. As a response is available in the example of FIG. 7, 
the data 750, 760 is sent from the bridge 200 to the PCI 
device 220. 

Turning now to FIG. 8, this timing chart differs from that 
of FIG. 7 in that no HyperTransport cycle is launched. As 
apparent from the chart, the ready Signal is kept deasserted 
by the HyperTransport-to-PCI bridge 200 when placing the 
retry request. After reasserting the request Signal, a com 
mand is placed that has a different count Value associated. 
While the Overall operation process according to an 

embodiment was discussed above with reference to the 
flowchart of FIG. 5, a more detailed view on the bridge 
operation process will now be given turning to FIG. 9. In 
step 900, it is determined whether the command identifier 
indicates that a memory read proceSS is requested by the PCI 
device 220. If so, it is determined in step 910 whether the 
request address and Size is already buffered in the command 
buffer 360. If so, the request was already placed before and 
is now retried. It is therefore checked in step 920 whether a 
response is available in the response buffer 370. If a 
response is available, it is delivered to the PCI device 220 in 
step 930. If however no response is available, the bridge 200 
asserts the retry request Signal in Step 950 to try to again 
SuppreSS the request to unblock the interface. 

If it is determined in step 910 that the request is placed for 
the first time, it is checked in step 960 whether there is 
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sufficient space in the request buffer 360 to buffer a request. 
If so, the command is buffered in step 970, and otherwise, 
the bridge 200 sends a retry request in step 950. Even if the 
command can be buffered in step 970, the bridge 200 sends 
the retry request in step 990 to request that the interface be 
unblocked. 
As can be seen from the flowchart of FIG. 9, there may be 

further Signals used for controlling the bridge operation. For 
instance, an in-progreSS Signal may be set in Step 980 and 
cleared in step 940 for signalling that there is a request still 
pending. Further, a response-available signal may be used to 
Signal that a response has been received from the host bridge 
210. The response-available signal is cleared in step 940 
after having delivered the response to the PCI device 220 in 
step 930. 
AS apparent from the foregoing discussion of the retry 

technique according to the embodiments, a host (e.g. a 
HyperTransport-to-PCI bridge 200) may give a bus master 
(e.g. a PCI device 220 or one of its subunits) the chance to 
cancel a bus master memory read request, Start another bus 
master request, and retry the first bus master request. The 
requesting bus master may or may not use this option. Thus, 
the bus masters are allowed to ignore the retry request 
Signal. Other requests than bus master memory read requests 
must not deassert the request signal before the bus master 
cycle is completed. In the present embodiment, the retry 
request Signal is asserted within the address phase of the bus 
master. 

By adding retry capabilities to the low-speed interface 
according to the above described embodiments, the overall 
internal bandwidth usage may be improved by allowing 
multiple pending requests that are served in a pipeline 
manner by the host. This may increase the operating Speed 
and improve the efficiency of the data handling. 
While the invention has been described with respect to the 

physical embodiments constructed in accordance therewith, 
it will be apparent to those skilled in the art that various 
modifications, variations and improvements of the present 
invention may be made in the light of the above teachings 
and within the purview of the appended claims without 
departing from the Spirit and intended Scope of the inven 
tion. In addition, those areas in which it is believed that those 
of ordinary skill in the art are familiar, have not been 
described herein in order to not unnecessarily obscure the 
invention described herein. 

Accordingly, it is to be understood that the invention is 
not to be limited by the specific illustrative embodiment, but 
only the Scope of the appended claims. 

The invention claimed is: 
1. An integrated circuit chip comprising: 
an interface circuit connected to a first Signal line for 

receiving requests from at least one requestor, Said 
requests requiring responses to be sent back to the 
respective requestor, Said requests being placed by the 
respective requestor by asserting a request Signal on 
Said first signal line, Said request Signal being deas 
Serted by the respective requestor when a response is 
Sent back to the respective requestor, and 

a request processing circuit connected to process the 
received requests, 

wherein Said interface circuit is further connected to a 
Second Signal line to Send a retry request to the current 
requestor for requesting the current requestor to deas 
Sert its request Signal although a response has not yet 
been Sent back, and to reassert the request Signal later, 
and 
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10 
wherein Said interface circuit is further connected to a 

third signal line to Send to the current requestor a ready 
Signal together with Said retry request, Said ready Signal 
indicating whether the request received from the cur 
rent requestor could be processed by Said request 
processing circuit, thereby enabling the current 
requestor to modify its request when retrying, if the 
initial request received from the respective retrying 
requestor could not be processed by Said request pro 
cessing circuit. 

2. The integrated circuit chip of claim 1, wherein Said 
interface circuit is further adapted to accept modified 
requests from retrying requestors if the initial request 
received from the respective retrying requestor could not be 
processed by Said request processing circuit. 

3. The integrated circuit chip of claim 1, wherein Said 
requests from Said at least one requestor are upstream 
memory read requests. 

4. The integrated circuit chip of claim 3, wherein Said 
interface circuit is adapted to determine whether a current 
request is a memory read request, wherein no retry request 
is Sent if it is determined that the current request is not a 
memory read request. 

5. The integrated circuit chip of claim 3, wherein said 
interface circuit is further connected to receive address data 
from Said at least one requestor, Said address data Specifying 
a location in memory from which data is requested to be 
read, wherein Said interface circuit is adapted to Send Said 
retry request during receipt of Said address data. 

6. The integrated circuit chip of claim 1, wherein Said 
interface circuit is incapable of Supporting split transactions. 

7. The integrated circuit chip of claim 1, wherein said 
interface circuit is adapted to receive requests from multiple 
independent requestor devices. 

8. The integrated circuit chip of claim 1, wherein said 
interface circuit is adapted to receive requests from multiple 
bus masters in one requestor device. 

9. The integrated circuit chip of claim 1, wherein said 
interface circuit is adapted to Send Said retry request to the 
current requestor as Soon as Said request processing circuit 
has processed the current request. 

10. The integrated circuit chip of claim 1, wherein said 
request processing circuit comprises a Source interface 
adapted to Send Signals corresponding to Said received 
requests to a target device. 

11. The integrated circuit chip of claim 10, wherein said 
Source interface is further adapted to receive responses from 
Said target device. 

12. The integrated circuit chip of claim 10, wherein said 
interface circuit is adapted to Send Said retry request to the 
current requestor as Soon as Said Source interface has sent a 
Signal corresponding to the current request to Said target 
device. 

13. The integrated circuit chip of claim 10, wherein said 
Source interface is a HyperTransport compliant interface. 

14. The integrated circuit chip of claim 1, wherein Said 
interface circuit is arranged for determining whether the 
current request Signal has been deasserted after a retry 
request has been Sent although a response has not yet been 
Sent back. 

15. The integrated circuit chip of claim 14, wherein said 
interface circuit is capable of receiving another request if it 
determines that the current request Signal has been deas 
Serted. 
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16. The integrated circuit chip of claim 14, wherein said 
interface circuit is incapable of receiving another request if 
it determines that the current request signal has not been 
deasserted. 

17. The integrated circuit chip of claim 1, further com 
prising a request buffer for Storing data identifying received 
requests, wherein Said interface circuit is adapted to Send 
Said retry request to the current requestor if there is no buffer 
Space available to Store data identifying the current request. 

18. The integrated circuit chip of claim 1, further com 
prising a request buffer for Storing data identifying received 
requests, wherein Said interface circuit is adapted to Send 
Said retry request to the current requestor after data identi 
fying the current request has been Stored. 

19. The integrated circuit chip of claim 1, further com 
prising a request buffer for Storing data identifying received 
requests, wherein Said interface circuit is adapted to Send 
Said retry request to the current requestor if data identifying 
the current request is already Stored in the request buffer and 
no response to that request is presently available. 

20. The integrated circuit chip of claim 19, further com 
prising a response buffer for Storing responses to be sent 
back to requestors, wherein Said interface circuit is adapted 
to determine whether a response to a currently received 
request is presently available, by accessing Said response 
buffer. 

21. The integrated circuit chip of claim 1, wherein Said at 
least one requestor is a PCI (Peripheral Component Inter 
connect) bus master. 

22. The integrated circuit chip of claim 1, being a South 
bridge chip for use in a computer System. 

23. A HyperTransport-to-PCI (Peripheral Component 
Interconnect) bridge comprising: 

a PCI target interface unit connected to a first signal line 
for receiving requests from at least one PCI Source unit, 
Said requests requiring responses to be sent back to the 
respective PCI Source unit, Said requests being placed 
by the respective PCI Source unit by asserting a request 
Signal on Said first Signal line, Said request Signal being 
deasserted by the respective PCI source unit when a 
response is Sent back to the respective PCI Source unit; 
and 

a HyperTransport Source interface unit connected to Send 
Signals corresponding to Said received requests to a 
HyperTransport compliant target device; 

wherein said PCI target interface unit is further connected 
to a Second Signal line to Send a retry request to the 
current PCI source unit for requesting the current PCI 
Source unit to deassert its request Signal although a 
response has not yet been Sent back, and to reassert the 
request Signal later, and 

wherein said PCI target interface unit is further connected 
to a third signal line to send to the current PCI source 
unit a ready Signal together with Said retry request, Said 
ready Signal indicating whether the request received 
from the current PCI source unit could be processed by 
Said HyperTransport Source interface unit, thereby 
enabling the current PCI source unit to modify its 
request when retrying, if the initial request received 
from the PCI source unit could not be processed by said 
HyperTransport Source interface unit. 

24. A Southbridge device for bridging a low-speed data 
channel to a high-Speed data channel in a computer System, 
Said Southbridge device comprising: 

a low-speed interface unit connected to a first signal line 
for receiving requests from at least one requestor, Said 
requests requiring responses to be sent back to the 
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respective requestor, Said requests being placed by the 
respective requestor by asserting a request Signal on 
Said first signal line, Said request Signal being deas 
Serted by the respective requestor when a response is 
Sent back to the respective requestor, and 

a high-speed interface unit connected to Send Signals 
corresponding to Said received requests to an upstream 
target device; 

wherein Said low-speed interface unit is further connected 
to a Second Signal line to Send a retry request to the 
current requestor for requesting the current requestor to 
deassert its request Signal although a response has not 
yet been Sent back, and to reassert the request Signal 
later, and 

wherein Said low-speed interface unit is further connected 
to a third signal line to Send to the current requestor a 
ready Signal together with Said retry request, Said ready 
Signal indicating whether the request received from the 
current requestor could be processed by Said high 
Speed interface unit, thereby enabling the current 
requestor to modify its request when retrying, if the 
initial request received from the respective retrying 
requestor could not be processed by Said high-Speed 
interface unit. 

25. A PCI (Peripheral Component Interconnect) device 
comprising: 

a master interface unit connected to a first signal line for 
Sending a request to a PCI target device, Said request 
requiring a response, Said master interface unit being 
adapted to place Said request by asserting a request 
Signal on said first signal line and deasserting said 
request Signal when the response is received, Said 
master interface unit being further connected to a 
Second Signal line to receive a retry request from Said 
PCI target device, Said master interface unit being 
further connected to a third signal line to receive a 
ready Signal from Said PCI target device together with 
Said retry request, Said ready signal indicating whether 
the request sent to said PCI target device could be 
processed by Said PCI target device, 

wherein Said master interface unit is capable of deassert 
ing Said request Signal upon receipt of Said retry request 
although a response has not yet been received, and 
reasserting the request Signal later, and 

wherein Said master interface unit is capable of Sending a 
modified request when reasserting the request Signal, if 
the ready Signal indicated that the request Sent to Said 
PCI target device could not be processed by said PCI 
target device, thereby enabling the master interface unit 
to modify its request when retrying, if the initial request 
received from the master interface unit could not be 
processed by said PCI target device. 

26. The PCI device of claim 25, wherein said request to 
Said PCI target device is an upstream memory read request. 

27. The PCI device of claim 26, wherein said master 
interface unit is further connected to Send address data to 
Said PCI target device, Said address data Specifying a loca 
tion in memory from which data is requested to be read, 
wherein Said master interface unit is adapted to receive Said 
retry request during transmission of Said address data. 

28. The PCI device of claim 25, wherein said master 
interface unit is adapted to determine upon receipt of Said 
retry request whether a current request is a memory read 
request, wherein a received retry request is ignored if it is 
determined that the current request is not a memory read 
request. 
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29. The PCI device of claim 25, wherein said master 
interface unit is capable of Sending requests from multiple 
bus masters within said PCI device. 

30. The PCI device of claim 25, adapted to send said 
request to a Southbridge chip of a computer System. 

31. A method of operating an integrated circuit chip, the 
method comprising: 

receiving requests from at least one requestor, Said 
requests requiring responses to be sent back to the 
respective requestor, Said requests being placed by the 
respective requestor by asserting a request Signal, Said 
request signal being deasserted by the respective 
requestor when a response is sent back to the respective 
requestor, and 

processing the received requests, 
wherein method further comprises: 
Sending a retry request to the current requestor for 

requesting the current requestor to deassert its request 
Signal although a response has not yet been Sent back, 
and to reassert the request Signal later, and 

Sending a ready Signal to the current requestor together 
with Said retry request, Said ready signal indicating 
whether the request received from the current requestor 
could already be processed, thereby enabling the cur 
rent requestor to modify its request when retrying, if the 
initial request received from the respective retrying 
requestor could not be processed. 

32. The method of claim 31, wherein said requests from 
Said at least one requestor are upstream requests. 

33. The method of claim 31, wherein said requests from 
Said at least one requestor include memory read requests. 

34. The method of claim 33, further comprising: 
determining whether a current request is a memory read 

request, and 
if the current request is not a memory read request, 

refraining from Sending a retry request. 
35. The method of claim 33, further comprising: 
receiving address data from Said at least one requestor, 

Said address data Specifying a location in memory from 
which data is requested to be read; 

wherein Said retry request is Sent during receipt of Said 
address data. 

36. The method of claim 31, wherein receiving requests 
from at least one requestor comprises: 

receiving requests from multiple independent requestor 
devices. 

37. The method of claim 31, wherein receiving requests 
from at least one requestor comprises: 

receiving requests from multiple bus masters in one 
requestor device. 

38. The method of claim 31, wherein said retry request is 
Sent to the current requestor as Soon as the current request 
has been processed. 

39. The method of claim 31, further comprising: 
Sending Signals corresponding to Said received requests to 

a target device. 
40. The method of claim 39, further comprising: 
receiving responses from Said target device. 
41. The method of claim 39, wherein said retry request is 

Sent to the current requestor as Soon as a signal correspond 
ing to the current request has been Sent to Said target device. 

42. The method of claim 39, wherein said target device is 
a HyperTransport compliant target device. 

43. The method of claim 31, further comprising: 
determining whether the current request Signal has been 

deasserted after a retry request has been Sent although 
a response has not yet been Sent back. 
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44. The method of claim 43, further comprising: 
receiving another request if it determines that the current 

request Signal has been deasserted. 
45. The method of claim 43, further comprising: 
receiving no further request if it determines that the 

current request Signal has not been deasserted. 
46. The method of claim 31, further comprising: 
Storing data identifying received requests in a request 

buffer, 
wherein Said retry request is Sent to the current requestor 

if there is no buffer space available to store data 
identifying the current request. 

47. The method of claim 31, further comprising: 
Storing data identifying received requests in a request 

buffer, 
wherein Said retry request is Sent to the current requestor 

after data identifying the current request has been 
Stored. 

48. The method of claim 31, further comprising: 
Storing data identifying received requests in a request 

buffer, 
wherein Said retry request is Sent to the current requestor 

if data identifying the current request is already Stored 
in the request buffer and no response to that request is 
presently available. 

49. The method of claim 48, further comprising: 
Storing responses to be sent back to requestors in a 

response buffer; and 
determining whether a response to a currently received 

request is presently available, by accessing Said 
response buffer. 

50. The method of claim 31, wherein said at least one 
requestor is a PCI (Peripheral Component Interconnect) bus 
master. 

51. The method of claim 31, for operating a southbridge 
chip for use in a computer System. 

52. A method of operating a PCI (Peripheral Component 
Interconnect) device, the method comprising: 

Sending a request from a Source device to a PCI target 
device by asserting a request Signal, Said request requir 
ing a response; 

receiving a retry request and a ready signal from Said PCI 
target device, Said ready Signal indicating whether the 
request Sent to Said PCI target device could be pro 
cessed by said PCI target device; 

determining whether to deassert Said request Signal 
although a response has not yet been received, and if So, 
deasserting the request Signal and reasserting it later; 
and 

deasserting Said request Signal when the response is 
received, 

wherein reasserting the request signal comprises deter 
mining whether to Send a modified request if the ready 
Signal indicated that the request Sent to Said PCI target 
device could not be processed by said PCI target 
device, thereby enabling the device to modify its 
request when retrying, if the initial request received 
from the source device not be processed by said PCI 
target device. 

53. The method of claim 52, wherein said request to said 
PCI target device is an upstream memory read request. 

54. The method of claim 53, further comprising: 
Sending address data to Said PCI target device, Said 

address data Specifying a location in memory from 
which data is requested to be read, 

wherein Said retry request is received during transmission 
of Said address data. 
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55. The method of claim 52, wherein determining whether 
to deassert Said request Signal comprises: 

determining upon receipt of Said retry request whether a 
current request is a memory read request, 

wherein a received retry request is ignored if it is deter 
mined that the current request is not a memory read 
request. 

56. The method of claim 52, wherein the method com 
prises: 

Sending requests from multiple bus masters within Said 
PCI device. 

57. The method of claim 52, wherein sending said request 
to a PCI target device comprises: 

Sending Said request to a Southbridge chip of a computer 
System. 

58. A computer System comprising: 
a PCI (Peripheral Component Interconnect) device; and 
a Southbridge connected to said PCI device, 
wherein Said PCI device is capable of Sending a request to 

Said Southbridge by asserting a request Signal, Said 
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Southbridge is capable of Sending a response back to 
said PCI device, and said PCI device is arranged to 
deassert Said request Signal when receiving Said 
response, 

wherein Said Southbridge is further arranged to Send a 
retry request to said PCI device for requesting said PCI 
device to deassert its request Signal although a response 
has not yet been Sent back, and to reassert the request 
Signal later, 

wherein Said Southbridge is further arranged to Send a 
ready signal to said PCI device together with said retry 
request, Said ready Signal indicating whether the 
request received from the PCI device could be pro 
cessed, thereby enabling the PCI device to modify its 
request when retrying, if the initial request received 
from the PCI device could not be processed by said 
Southbridge. 


